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ENERGINET

AGENDA

* Introduction to Energinet —the Danish TSO for electricity and gas
 Market based system operation with high shares of wind power
e Toolbox for efficient integration of variable renewable energy

e Towards a fossil fuel independent energy system by 2050

e Visit to Energinet’s control center - 13:30-14:00 in 2 groups



ENERGINET

We own and operate the overall
electricity and natural gas transmission
system in Denmark.

Our tasks are to integrate renewable
energy and ensure security of supply in
Denmark

 [ndependent public enterprise owned
by the Danish Ministry of Energy,
Utilities and Climate

e ~1.300 employees — 8 locations and
headquarter in Fredericia

e Mission to ensure reliable energy for
society

e \/ision to create balancein a
renewable energy system
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ENLERGINET

THE DANISH POWER GRID
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ENLRGINLT

GAS GRID

o

926

km gas pipelines and 2
interconnectors
3,4 billion Nm3transported

— GAS TRANSMISSION GRID
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Gas distribution
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ENLERGINET

BALTIC PIPE

e Baltic pipe will expand the gas transmission
capacity by up to 10 billion cubic metres per
year (Danish gas consumption in 2016 was 2.5
billion cubic metres)-

* Final investment decision in November 2018
and commissioning in October 2022

e Cost estimate € 1.6-2.1 billion equally split
between GAZ-SYSTEM and Energinet




ENERGINET
ENERGINET’S CORE TASKS

Ensure short- and long-term security of supply for electricity and gas

Ensure well-functioning markets for electricity and gas

Own, operate and develop the gas and electricity transmission grids




ENLERGINET

THE ENERGY SYSTEM IN DENMARK IS CHANGING

By 2020, wind power will constitute 50% of the electricity consumption

By 2030, renewable energy will constitute 55% of the energy consumption

By 2050, Denmark will be independent of fossil fuels
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Strategic commitments of Energinet:

- Security of supply

- Efficient green transition
- Healthy investment climate



ENLERGINET

ELECTRIFICATION - INCREASED DEMAND FOR VRE IN THE POWER SYSTEM

2017 2030 2050
RE share of
energy demand 100%
~200 TWh ~195 TWh =140 TWh
RE share of

electricity demand

100%

~34 TWh ~45 TWh ~85 TWh




ENLERGINET

AGENDA

* |ntroduction to Energinet —the Danish TSO for electricity and gas
 Market based system operation with high shares of wind power
e Toolbox for efficient integration of variable renewable energy

e Towards a fossil fuel independent energy system by 2050



ENERGINET
PARALLEL DEVELOPMENTS

- TOWARDS RENEWABLE ENERGY AND OPEN MARKETS

—

From primary coal fired to local CHP and wind power

From vertically integrated monopoly to competitive electricity market

Transmission ) | Transmission System Operator

Distribution _




ENLERGINET

DANISH WIND POWER IN 30 YEARS —41% OF DEMAND IN 2018
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WIND POWER BECOMES COMPETITIVE
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Hollandse Kust, the world's first non-subsidised ‘
offshore wind farm <

With the Hollandse Kust 1 & 2 offshore wind farm, Vattenfall is B ;\nﬁ"»u" -

not only making a contribution to the sustainability of the

Dutch energy system, but has also set new standards in terms

of cost efficiency. Vattenfall is developing the first wind farm

worldwide with no guaranteed feed-in tariff.

This confirms that Vattenfall is successfully reducing costs along the entire value chain. The
further development of the project is now underway: over a total area of 325 square
kilometres and about 22 kilometres off the Dutch North Sea coast, with an installed capacity of
up to 750 MW. Vattenfall estimates it could power up to 1.5 million households upon

19 March 2018

completion within the next five years.

77

Current prices
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ENLERGINET

WHY MORE WIND ENERGY?

- CHEAPEST OPTION AND STILL GETTING MORE COMPETITIVE (LCOE)
120
100 ' , 5 o
< ' |
s .
s m Balancing cost
g 60 = Emissions costs ! ; _
> ,
> m Fuel cost
40 mVar O&M 1 :,‘ b =" E 3
= Fixed O&M o Ml \
20 = Capital cost .
)
«t» ® Danish Energy
°® Agency
0
wind Wind Solar Large CHP - Large CHP - Large CHP -
onshore offshore power refurb. coal natural gas CC
Wood pellets

Source: Danish Energy Agency
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THE DANISH ELECTRICITY SYSTEM
- CAPACITY BALANCE

MW  Capacity and Demand — electricity Denmark

7000
Demand
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= Wind power
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Dk1-United Kingdom
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ENLERGINET

Interconnections
=== In operation
=== Approved

;Norway e Applied for approval

X/Y MW = Import/export

Skagerrak v
1,700 MW Swecss
Ati-Skan
680/740 MW

1\

DK2-Sweden

#1,300/1,700 MW
Storebeaelt
600 MW
-

\ Bornholm

. 60 MW

” y X

Kriegers Flak CGS
DK1-Germany 400 MW
Cufrent: 1,500/1,780 MW 2019
2021: 2,500 MW

KONTEK
600 MW
DK1-Germany (west)

1.000 MW ' Germeiin
2022 !
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A WEEK IN SEPTEMBER
- 51% WIND AND SOLAR
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Danish experiences on market based integration of wind power April 2019 16



ENLERGINLT

FLEXIBILITY IN THE ELECTRICITY SYSTEM
- HOURLY DISPATCH

MW
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Danish experiences on market based integration of wind power April 2019 17



ENLERGINLT
SPOT PRICE, WIND POWER AND MARKET DYNAMICS

DKK/MWwWh Price
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Danish experiences on market based integration of wind power April 2019 18



FNFRGINET
Example 2: High winds — low price - no large power plants

65 DKK/MWh
) "I Large plants
3, | 10 MW
b T T
3 30 MW Local plants
Y, .u. 246 MW
~ 282 MW
=) 77777 =
) 577 76 DKK/MWh Wind power & PV
y’ {} 2,867 MW
+
Net exchange, export
65 DKK/MWh 210 MW
= MV,\I/~,777 Demand
B 2,913 MW
591 MW Wednesday, 2 September 2015, 2 am
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”7 1o B Y Local plants
7\ - [i=] :_argoe;t plants
2 ,f\ g v mp
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e 1,000
B oMW 0
200 DKK/MWh

Energinet.dk



OPERATION WITHOUT CENTRAL POWER PLANTS
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Danish experiences on market based integration of wind power
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OUTAGE MINUTES IN EUROPE

= VERY HIGH SECURITY OF SUPPLY IN DENMARK IN PERIOD WITH INCREASING SHARE OF RENEWABLES

Minutes of outage
per consumer per year
(10-year average)
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ENLERGINET

AGENDA

* |ntroduction to Energinet —the Danish TSO for electricity and gas
e Market based system operation with high shares of wind power
e Toolbox for efficient integration of variable renewable energy

e Towards a fossil fuel independent energy system by 2050



ENLERGINET

TOOLBOX FOR EFFICIENT LARGE SCALE RES INTEGRATION

Strong transmission grids and interconnectors

International electricity markets

Flexible generation system

= o, A
S~ onal-range:
= #10-100%

Specialized forecasting and operational planning tools




ENLERGINLT

TRANSMISSION GRIDS

New RES

I Bioenergy
B wWind energy
!l Solar energy

e Variable RES drives grid investments — Electricity Highways 2050

e Strong grids enable
e Optimal utilization of generation capacity
e merit order dispatch
e Balancing in larger diversified areas
e Sharing of reserves

Y A positive business case for grid investments

Danish experiences on market based integration of wind power

April 2019 24



ENLERGINET

THE ELECTRICITY MARKETS

Scheduling Operation day Settlement

hd
FN

F S
v

Nordpool/Balancing responsible Transmission system operator

Financial Day ahead Intraday Balancing

market

| | | |
Day-1 12:00 -1 hour -45 min. Operation hour

Trade in Nordicarea: 500 TWh ATWh 2TWh

o=

European market coupling



ENLERGINET
FLEXIBILITY OF POWER PLANTS

Technical key data of Esbjergvaerket
CHP Plant

Co : 1992
Max power production (net) 378 MwW

Max district heat production 460 MJ/s
Coal consumption at full load 120 t/h
Oil consumption at full load 73 t/h
Steam pressure 251 bar
Steam temperature 560 °C

Power output from large CHP plant together with hourly prices
450 9
—— Power output (MW) =
E 100 - | % | — Power price (Euro cent pr KWh) 8 :?E
G AT N ] 12
T 300 | il f TR ST =
% 250 \ i H H“ | H } H ) H ﬂ“ ’ 5 g
o 200 ) !LH I (IR 43
Operational range: 10 - 100% ] N | i i iz
Regulating rate: 3 - 4% per minute 1 I O 1L A T
1 25 49 73 97 121 145 169 193 217 241 265 289 313 337 361 385 409
+ Heat accumulators and electric boilers Starttoend of a 18 day period (432 hours)

Danish experiences on market based integration of wind power April 2019 26



ENERGINET
WIND POWER FORECASTING

Mean Absolute Errar
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ENERGINET

T U ET 15 1.u |

Closing the gap before the
operating hour

Predicted Imbalance

\
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PROACTIVE SYSTEM BALANCING

- Predicted imbalance — on-line up-dated
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ENLERGINET

AGENDA

* |ntroduction to Energinet —the Danish TSO for electricity and gas
e Market based system operation with high shares of wind power
e Toolbox for efficient integration of variable renewable energy

e Towards a fossil fuel independent energy system by 2050



MARKET BASED INTEGRATION OF VRE
After the first 50% VRE new challenges and options arise

VRE share

50%

In the next phase towards
independence of fossil fuels

a vertical market perspective Vertical integration
will play a vital role * Coupling of sectors
* Activation of demand side
* New market players
* Data based business models
e Temporal integration

Horizontal integration
e Strong transmission grids and interconnectors

* International electricity markets - wholesale

Flexible and controllable generation system
Specialized forecasting and operational planning tools
Well known roles and business models

2020

ENLERGINET



THE NORTH SEA FUTURE SCENARIO

... Much more offshore wind power

Offshore Wind capacity
North Sea countries

160

140

150

120

100

99

80

67 67

Installed capacity (GW)

60

40

30

20

ST (2040) DG (2040)

Towards a fossil free energy system by 2050

GCA (2040) EUref.  COP21(2040)
Scenario (2040)

ENLERGINET
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COUPLING OF SECTORS CNERGINET

Simulated annual energy flows in Denmark 2035

Power System

CHP/boiler Pump
HT-Heat P

Heat Pump
« Boiler

| 1

District heatingland block heating

Fuel Storage

Liquid fuels fossil/RE (Gasoline, Diesel, Methanol, DME etc.)

Eurelectric : Max 40-60% of energy demand in 2050 can be covered by electricity directly

Towards a fossil free energy system by 2050
March 2019 32



ENERGINET

WHAT IS POWER-TO-X (PTX)?

Conversion of (RE-)electricity via electrolysis to hydrogen, fuels, chemicals

From green electrons to green molecules!

Examples of PtX-products

e Hydrogen (electrolysis)
* Synthetic gaseous fuels (PtG) as for instance methane/SNG
» Synthetic fluid fuels (PtL) as for instance methanol, kerosene (jet fuel), DME, gasoline, diesel

 Ammonia (PtC): Basic element in fertilizer. Can also be used directly as fuel. Does not need a carbon
source and does not emit CO, during combustion.



ENLERGINET

FROM INDIVIDUAL POWER GRID CONNECTIONS TO HYBRID SOLUTIONS

ONSHORE
CONNECTION
AC RADIAL POINT

PR\
QQ\':\Q\\SC\\\ H2 STORAGE M[
N

DC RADIAL

OFFSHORE WIND FARMS
(.

‘ HUB AND SPOKE Rt
: POWER GENERATOR
HUB AND SPOKE v ‘ g
i .
J -3

&

www.northseawindpowerhub.eu

Towards a fossil free energy system by 2050 April 2019 34



ENLERGINET

THE ENERGY VALUE CHAIN IS TRANSFORMING

- and traditional assumptions are challenged

BEFORE IN THE FUTURE
does not have

v’y
JljgﬂH e Green energy has to be subsidized

PRODUCER

e Electricity can met be stored

e Electricity and gas consumers are
active and _flexible

do not demand and
e All consumers receive the same

DISTRIBUTON
TRADE

product

Andit will require a lot of software !

CUSTOMER
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SUMMING UP

e Danish plans and goals:
e 2020: Wind power will constitute 50% of the electricity consumption

e 2030: RES will constitute 100% of the electricity consumption
and 55% of the energy consumption

e 2050: Denmark must be independent of fossil fuels
e Toolbox until now — horizontal integration:

e Strong transmission grids and interconnectors

e International electricity markets

* Flexible and controllable generation system

e Specialized forecasting and operational planning tools
* Longterm enablers — vertical integration:
*  Flexibility in a coherent energy system — sector coupling

e Transformation of the energy value chain — data driven business models & == 5> [RATEGY 2020

+“ACROSS BORDERS

*  Demand side flexibility

e  Bothlocal and large-scale solutions
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ENERGINET

HISTORIC DATA “ THE ELECTRICITY NET RIGHT N... »  MEASUREMENTS SYMBOL DESCRIPTION

POWER RIGHT NOW

‘ * -8 CENTRAL POWER STATIONS 2,236 MW
) - ’ LOCAL CHP PLANTS 873 MW

' ‘ . ’ WIND TURBINES 1.633 MW

‘ ) - SOLAR CELLS 7 MW

JUTLAND - SWEDEN NET EXCHANGE IMPORT 82 MW

JUTLAND - NORWAY
IMPORT: 480 MW

EXPORT. 719 MW ELECTRICITY CONSUMPTION TR

€02 EMISSIONS KWH

ZEALAND - SWEDEN
EXPORT: 467 MW

BORNHOLM - SWEDEN

THE GREAT BELT IMPORT: 13 MW

— 590 MW

-
JUTLAND - GERMANY ZEALAND - GERMANY
IMPORT: 48% MW ! IMPORT. 86 MW

LAST UPDATED
21 JANUARY 2019 16:0%


https://en.energinet.dk/

ENERGINET GROUP

Executive Board

Thomas Egebo, Torben Thyregod, Torben Glar Nielsen

Strategy and Digitalisation Group Legal Group Finance
Communications Nicolaj N. Peulicke Affairs Thomas Berg Jakobsen
Stina Willumsen Annette lkast

Engineering and
Construction
Peter Hodal

Business Services
Marianne Hansen

ENLERGINET

Internal Audit
NN (TEG varetager)

Electricity Transmission
Henrik Riis

Electricity System
Operator
Sgren Dupont Kristensen

CEING) Gas Storage Denmark Gasdistribution Denmark DataHub
Torben Brabo Adam Elbeek Carsten Jensen Martin Lervad Lundg
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ENERGINET’S INTERNATIONAL KNOWLEDGE SHARING

Large and small projects since 2010
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